., 69,[159][160][161][162] 1949) was used. Asparagine was omitted, and biotin and calcium pantothenate were the only vitamins added. This was supplemented as required with amino acids (10 mg/l) or 4-methyl-5-fl-hydroxyethyl thiazole (0.1 mg/l). 10 M. Ogur, G. Lindegren, and C. C. Lindegren, J. Bacteriol., 68, 391-392, 1954. This medium was modified for replica plating by omitting the indicator, reducing the glucose to 0.025 per cent, and adding agar.
Science and technology have many problems difficult to record, measure, or analyze because many variables or complexes of variables have an important bearing on the end result. It is difficult to measure and to get in mind the various interrelationships of several sets of facts for each of a considerable number of individuals. This is particularly true when some or all of the basic data are complex patterns, difficult or impossible to code in numbers. Such a problem is the relation (As/Ai) between species differences and individual differences between plants or animals from which they were ultimately derived. ' After various attempts to estimate the relation (As/Ai) efficiently, a simple semigraphical method was gradually evolved. It is now being used on data from various groups of organisms in the analysis of variation in natural populations. With the encouragement of several mathematicians, particularly E. B. Wilson and J. W. Tukey, I have recently been exploring its general applicability. On a trial basis it has given promising results with data from physiology, morphology, psychology, and linguistics.
It is planned ultimately to illustrate the method with a series of joint papers, showing its applications to various fields. In the meantime (since only its specialized use in analyzing population variation has been published) a short, generalized account seems desirable.
The method had its inception in an attempt to measure variation in and between maize fields in Mexico.2 Two easily measured features of the maize ear-row number and kernel width were plotted on the X-and Y-axes of a Cartesian grid. VOL. 43, 1957 The individual dots of the resulting scatter diagram were replaced by precise but semipictorial glyphs recording kernel shape and kernel texture. In analyzing variation in natural populations, these more or less pictorialized glyphs were replaced by generalized glyphs,3 on each of which the variation of seven or more variables could be recorded. Subsequently1' 4these glyphs were modified to permit more efficient scanning of the "pictorialized scatter diagrams" in which they were used. It has since been realized that the glyphs (used quite apart from the scatter diagrams) can be arranged according to sequences in time, space, or development. They can be averaged or transferred from a scatter diagram to a map by making appropriate modifications. It seems likely that, with their continued employment in logical operations, various other uses for them may be found. It therefore becomes convenient to have a generalized name for the glyphs apart from their use in pictorialized scatter diagrams, and they are accordingly named metroglyphs.
The uise of metroglyphs is illustrated in a simple generalized way in Figure 1 In working with these glyphs, it has gradually been realized that they are a device for helping the eye to aid the mind. For maximum efficiency it is best to make some concessions to the eye. The mind can be trained to adjust itself more readily than can the eye. For instance, the medium values were originally scored with a ray which was made exactly half as long as the ray for the high values. It was learned from experience that the eye could do a better job, particularly in problems involving large numbers of glyphs, if, in scanning the diagram, it never had to stop to decide whether a ray was medium or long. Therefore, it is better to have the long rays at the very least almost three times the length of the short ones. For the same reason, in all problems involving much scanning, it is better to code the data so simply that the eye can be trained to take in each glyph almost instantaneously. Four examples of this principle will be discussed in order-quartiles, number of rays, ray positions, accessory data, glyph variations.
Quartiles. Since the analysis of variability by medians and quartiles is a wellestablished technique, it was originally attempted to set the rays for such analysis, coding them as follows: no ray, values below lower quartile; very short ray, values between the lower and the medium quartile; medium-short ray, values between the medium and the upper quartile; long ray, values above upper quartile. It was found that, with any considerable number of glyphs, even a trained eye could not analyze the interaction of variables with this system as well as with the simpler one outlined above (but see below under "Glyph Variations").
Number of Rays. Though, theoretically, there might be a very large number of rays, the eye works most efficiently with no more than three to seven, depending on the eye. If the problem has many important variables, it is better to take the four or five which are most closely correlated and tuIn them into an index, as described above. This index can then be coded on a ray in position C or it may be used on the X-or Y-axis of a pictorialized scatter diagram.
Ray Positions.-Originally, rays were used around all sides of each glyph. This confuses the eye. By slanting them all in approximately the same direction, it is possible to scan large complicated diagrams more efficiently. By using these standardized positions in problem after problem, there is considerable carry-over from one problem to another. The data can be interpreted more efficiently by an experienced analyzer if he is using the standard with which his eyes are already familiar.
Accessory Data.-Many biologists, when first using this method, are apt to put on various kinds of accessory data as little projections of one shape or another. These all hinder the eye enough to reduce efficiency. If there are two kinds of individuals which one wishes to distinguish, one kind may be given a white dot and the other one a black dot. Other accessory information which one wishes to try out in one way and another is best managed by tiny pencil-point dots placed immediately to the left or the right of the base of each glyph. They will scarcely interfere with the scanning, and their association with the other variables can Le worked out by the eye.
Glyph Variations.-In so far as possible, it is better to vary the glyph from problem to problem by adapting the coding to the problem as much as possible and to change the glyph system as little as possible (see remarks under "Ray Positions"). For instance, if quartile data need to be worked with, one can diagram three variables in quartiles-one variable at the left equatorial position, one at the right, and one at the upper pole. For each variable, one uses two rays. At the pole one uses positions B and D, omitting C. At the equatorial positions one uses A and E and adds at each a twin horizontal ray originating at the equator. For each variable the four quarters of the data are diagramed as follows: no ray, one short ray, two short rays, two long rays. It has been found that to the eye the jump from no ray to one short ray is about as significant as that from two short rays to two long rays.
If one needs to diagram certain variables in more than three or four categories, he can use even more rays. A simple example is shown in Figure 2 , where two variables are coded in values from 1 to 10 each-one variable on rays slanting to the right, the other on rays slanting to the left. For problems in which the glyphs are merely employed in serial order, it is not so important to keep the rays down to two lengths. They may then be diagramed proportionate to the ranging of each variable or to the actual measured values.
When going back and forth from glyphs used in serial order or on a map to glyphs used on a Cartesian grid, two rays may be qualities diagramed on X-and Y-axes, or measures on X-and Y-axes may be replaced by rays of appropriate lengths. In Figure 1 at the lower left, individuals 1, 2, 3, and 4 are transferred to a Cartesian grid. Qualities A and E (each measured on a scale of 1-10, using the original values given in parentheses in the upper-left-hand corner of Fig. 1) , are employed to locate each glyph on the scatter diagram. It will be seen that these glyphs are the same as those in the figure to the right, except that the ray at position A has been replaced by the position of the entire glyph cn the Y-axis, while the ray at position E has been replaced by the position of the glyph on the X-axis. It will be noted that, as far as one can judge from four individuals, variables B and C are associated with each other, as are B and D; that B, C, and D, separately and in combination, are associated strongly with variable A and slightly with variable E.
In attempting to work out complexes of related qualities, the analysis is facilitated if the ray lengths are coded in such a way that all the extreme values characteristic of one complex are assigned long rays and those characteristic of the other are assigned no rays. For example, in studying hybridization between two subspecies of Campsis, one of the subspecies had a short tube, a wide limb, and much red in the flower; the other had a long tube, a small limb, and little red. Redness and limb width were coded with long rays for much red and for wide limbs, tube length was coded in reverse with a long ray for short tubes. This meant that those hybrids closely resembling one parent were coded as three long rays and those most closely resembling the other parent as a rayless dot. * I am indebted to the Guggenheim Foundation and to Princeton University for fellowships which made it possible to explore the possibilities. 43, 1957 
